18 19 Previously we have demonstrated that microinjection of oxytocin (OT) into the central nucleus of 20 amygdala (CeA) induces hypergrooming in Wistar rats, a model of compulsion. The Wistar 21 Audiogenic Rat (WAR) strain is a genetic model of generalized tonic-clonic seizures. Here we 22 quantified grooming behavior in WAR, with grooming scores, flowcharts and directed graphs of 23 syntactic and non-syntactic grooming chains, after bilateral administration of OT or saline (SAL) into 24 the CeA and investigated the association between hypergrooming and imunohistochemistry of Fos 25 activated compulsion networks and proposing a computational model of grooming behavior. The 26 activated networks, driven from a CeA OT-dependent grooming pattern, in both Wistar and WAR were 27 detected as Fos+ regions: orbitofrontal cortex, striatum, paraventricular nucleus of the hypothalamus, 28 dentate gyrus, substantia nigra compacta and reticulata. In conclusion we can drive hypergrooming in 29 WARs, defined previously as a model of ritualistic motor behavior in Wistar rats, with OT from CeA, a 30 limbic structure and one of the principal amygdala complex outputs. Furthermore, our current pioneer 31 behavioral and cellular description considers that hypergrooming (compulsion) in WARs is a 32 comorbidity because: (1) WARs have the highest grooming scores , when exposed only to novelty (2) 33 WARs have better grooming scores than Wistars after CeA-SAL, (3) WARs perform much better than 34 Wistars in OT-CeA-dependent highly stereotyped behavioral sequences, detected by flowcharts as a 35 combination of syntactic/non-syntactic grooming chains, (4) the behavioral sequences here 36 demonstrated for grooming and hypergrooming can be modeled as quite reliable Markov chains and (5) 37 with the exception of CeA-SAL injected animals, an exquisite map of brain Fos expression was 38 detected in typical cortico-striatal-thalamic-basal ganglia-cortical circuit, among new areas, driven by 39 OT-CeA. 40 41 -900 -Ribeirão Preto -SP 45 -Brazil 46 47 48 Author Summary 49 50 Grooming is a complex set of regular behavioral sequences in rodents that can be mimicked with 51 several pharmacological or molecular biology interventions. We have demonstrated previously that 52 microinjection of the brain peptide oxytocin into the amygdala, a limbic region, induces 53 hypergrooming in Wistar rats, a model of compulsion. The Wistar Audiogenic Rat strain is a genetic 54 model of generalized seizures, in fact a model of epilepsy. Here we quantified grooming behavior in 55 Wistar Audiogenic Rats, using several behavioral tools such as grooming scores, behavioral sequences 56 and graphs of grooming chains, after bilateral administration of the oxytocin or its control (saline) into 57 the amygdala. We also investigated the association between hypergrooming and activation of 58 compulsion networks, proposing a computational (virtual) model of grooming behavior. Basically we 59 were able to detect activated networks, driven from amygdala and the consequent oxytocin-dependent 60 grooming pattern in epileptic and control animals. Those circuits are composed of cortical and 61 subcortical areas, usually associated to the expression of motor rituals or compulsions. In conclusion, 62 we can drive hypergrooming in epileptic animals, as compared to the previously defined model of 63 ritualistic/compulsive motor behavior in control, rats. We concluded that hypergrooming (compulsion) 64 is endogenously present in epileptic animals as a co-existent event (comorbidity), because when they 65 were exposed to novelty, they express better grooming scores than control animals. The behavioral 66 sequences here demonstrated for grooming and hypergrooming can be simulated as chains, where 67 associations can be predicted from probabilities. Finally, an exquisite map of brain-activated cells was 68 detected in both epileptic animal and their controls, in typical cortico-subcortical structures associated 69 with rituals, but driven from a region which control emotions. 70 71 72 1. Introduction 73 74 Oxytocin (OT), a nonapeptide, synthetized in magno-and parvocellular neurons of the 75 hypothalamic paraventricular (PVN) and supraoptic (SON) nuclei, is stored and released into the 76 systemic circulation from the posterior pituitary [1] . PVN projects also to central targets [2] where OT 77 receptors have been detected [1]. Central OT-ergic system is involved in grooming [3], maternal [4], 78 sexual [5] and aggressive [6] behaviors, and has amnestic [7] antidepressant [8] and anxiolytic [5, 9] 79 actions. 80 Obsessive-compulsive disorder (OCD) is characterized by obsessions (concerns, superstitious 81 beliefs), and by compulsions (meaningless acts executed repeatedly) [10]. [11] detected a potential 82 relationship between OT and OCD because patients with forms of OCD, without tics, had higher levels 83 of cerebrospinal fluid OT than those with tics. Because of some discrepancies with [11], [12] suggested 84 to study OT, in this context, as a brain peptide. 85 86 The Wistar Audiogenic Rat (WAR), strain, genetically selected for susceptibility to seizures 87 [13,14], displays increased anxiety [15], and hyperactive hypothalamus-pituitary-adrenal (HPA) axis 88 [16]. Therefore, because the WAR is an animal model of seizures with endogenous anxiety [15], and 89 OT has anxiolytic effects [5, 9], we speculate that WAR OT-ergic system could be associated to 90 anxiety and compulsion.
155 phases of syntactic chains in sequential order and the time spent in each one, or a different grooming 156 pattern for each of the experimental groups, estimating, as indicated in the legend of Figure 3 the 157 complexity measures of the node of the directed graph [26] , also, using the Erdős-Rényi model [32] , 158 checking if the directed graphs were random or not.
159
Based on the directed graph, Markov chain models were built, in which each node represents 169 60 mg/Kg and transcardially perfused with 100 ml of saline phosphate buffer 0.01M (PBS pH 7.4), 170 followed by 300 ml of 4% paraformaldehyde (PFA; Acros Organics, New Jersey, USA).
171
Brains were post-fixed for about two hours in PFA 4%, cryoprotected in 20% sucrose for 1-2 172 days at 4 o C before being frozen in dry ice-cold isopentane and sectioned in 40 m-thick coronal 173 sections on a cryostat (Micron-Zeiss HM-505-E; Walldorf, Germany). Sections were mounted on 174 gelatin-coated slides and stained with cresyl violet to check cannula location.
175
For immunohistochemistry (OT) and immunofluorescence (OT, c-Fos), assays followed 
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During the grooming sequences with syntactic chains, the rats of all of groups spent more time 234 in P IV than in the other phases (F (3,72) = 20.173, p − value < 0.05)( Fig. 3E ). This was different from 235 the grooming sequences with non-syntactic chains, where we found differences (F (3,112) = 6.0073, 236 p−value < 0.05) between time spent on P I, P II and P III, and also between P II and P IV for all of the 237 groups. (Fig. 3E ). The number of sequences of the syntactic and non-syntactic grooming chains during 238 the Behavioral Peak Period did not show significant differences between the groups (χ 2 (4) = 2.5659, p > 239 0.05)( Fig. 3F ). Regarding the directed graphs, we only found differences in the PL of grooming 
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Additionally, the directed graphs of the Behavioral Peak Period showed differences between 245 Wistar/SAL and all the WAR group for all of the measures (CC, PL, EF, In, Out and Degree [total]).
246 Also, qualitatively, the directed graph of the Behavioral Peak Period of the WAR groups showed 247 higher number of exploratory behaviors and, as well, more interaction between grooming and 248 exploratory behaviors than the Wistar groups. OT-CeA or SAL-CeA in Wistar rats indicates that up to the first 5 minutes the grooming 287 behavior was the same, revealing the stress evoked by exposure of the animals to novelty. In the case of 288 the WAR-Basal, the increased grooming in the absence of drugs is a strong proof of endogenous 289 compulsive grooming (comorbidity). 
290
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The directed graph also showed that, for almost all of the groups, nonsyntactic grooming chains 307 evolve more frequently and longer from PI to PIII. In contrast, at least qualitatively, non-syntactic 308 chains of the WAR groups look simpler than Wistar/OT chains, because they were more occurrences of 309 exploratory behaviors that interrupt WAR non-syntactic chains.
310
Additionally, the comparison of the directed graph of the Behavioral Peak Period allows 311 identifying fine details of grooming behavior that clearly differentiate patterns in the Wistar/SAL, with 312 exceptional transitions from grooming to exploratory behaviors, from the other groups. Those graphs 313 allow also differentiating between Wistar/OT and WAR groups, including WAR-Basal, because in the 314 latter there is more prominent occurrence and interactions between grooming and exploratory 315 behaviors.
316
The Markov chain models of syntactic and non-syntactic grooming chains (see Fig 6) suggest We are quite positive about the impact of these integrated behavioral, cellular and modeling 384 approaches to experimental compulsion-epilepsy comorbidity, for neurology, neuropsychiatry and 385 neuroscience. 386 387 6. Acknowledgments
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